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1
IMPACT ABSORBER

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese

Patent Application No. 2013-187809 filed on Sep. 11, 2013,
the entire contents of which are hereby incorporated by
reference.

BACKGROUND

1. Technical Field

The present invention relates to an 1mpact absorber that
absorbs an 1mpact at the time of a collision or the like, and
relates to an i1mpact absorber suitably used 1n, e.g., an

automobile.

2. Related Art

An mmpact absorber that 1s mounted on, €.g., an automo-
bile and absorbs an 1mpact from the outside 1s convention-
ally known. In the impact absorber, an energy absorbing
member formed 1n, €.g., a tubular shape receives an impact
load and 1s longitudinally crushed, whereby the energy
absorbing member absorbs the impact load (1impact energy).
Conventionally, an energy absorbing member made of a
metal (e.g., aluminum alloy) 1s used as the energy absorbing
member. However, 1n recent years, an energy absorbing
member made of a composite material (e.g., fiber remnforced
plastic) that has higher energy absorption performance and
1s lighter 1s developed and 1s becoming commercially prac-
tical.

Incidentally, 1n such an impact absorber, the elastic modu-
lus of the energy absorbing member significantly influences
the energy absorption performance.

For example, Japanese Unexamined Patent Application
Publication (JP-A) No. H6-300068 proposes an energy
absorbing member formed of a composite material having a
layer structure in which a reinforced fiber having a high
strength 1s used 1 an 1ner layer and a reinforced fiber
having a high elastic modulus 1s used in an outer layer.
According to the energy absorbing member described in
JP-A No. H6-300068, it 1s possible to obtain excellent
energy absorption performance such as a high resistance
before a rupture occurs, stable energy absorption aiter the
rupture, and a high strength against buckling.

However, 1n the energy absorbing member 1n which the
reinforced fiber having a high strength (or a high elastic
modulus) 1s used 1n the mner layer, in the case where the
iner layer has received a load first, the energy absorbing
member bears a large load while hardly being displaced in
a crush direction. More specifically, in such a case, as
illustrated 1n FIG. 5, the energy absorbing member displays
a load-displacement characteristic having an uneven rise 1n
which the peak of the load leading to the rupture of the inner
layer 1s seen 1n an 1nitial stage. Thus, 1n the case where the
rise of the load-displacement characteristic 1s not smooth,
there 1s a possibility that deterioration of an injury of a
passenger resulting from a secondary collision or the like 1s
caused.

SUMMARY OF THE INVENTION

The present mvention has been achieved 1n view of the
above problem, and an object thereof 1s to provide the
impact absorber capable of obtaining the load-displacement
characteristic having a smooth 1nitial rise.
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In order to achieve the above object, a first aspect of the
present invention provides an impact absorber including: an
energy absorbing member formed of a composite material
obtained by reinforcing a resin with a fiber, and for absorb-
ing impact energy by being crushed 1n a predetermined crush
direction; and a pressing member disposed on one end side
in the crush direction of the energy absorbing member, and
for pressing the energy absorbing member in the crush
direction to thereby crush the energy absorbing member. In
the 1impact absorber, the energy absorbing member 1s con-
figured by stacking, along a direction orthogonal to the crush
direction, fiber layers having different elastic moduli to a
load along the crush direction, and one end portion in the
crush direction 1s inclined relative to a pressing surface of
the pressing member such that the fiber layers are gradually
brought 1into contact with the pressing member sequentially
in ascending order of the elastic modulus as the energy
absorbing member 1s pressed by the pressing member.

The pressing surface of the pressing member may be
formed 1n a flat shape orthogonal to the crush direction, the
energy absorbing member may be formed 1n a cylindrical
shape having a central axis along the crush direction, the
fiber layers may be each formed in a cylindrical shape,
stacked along a radial direction of the energy absorbing
member, and configured such that the elastic modulus of the
fiber layer 1s reduced as the fiber layer approaches an 1nner
periphery, and the one end portion 1n the crush direction may
be formed 1n a tapered shape 1n which a position of the one
end portion 1s shifted to the one end side in the crush
direction with approach to the iner periphery.

The pressing surface of the pressing member may be
formed 1n a flat shape orthogonal to the crush direction, the
energy absorbing member may be formed 1n a cylindrical
shape having a central axis along the crush direction, the
fiber layers may be each formed in a cylindrical shape,
stacked along a radial direction of the energy absorbing
member, and configured such that the elastic modulus of the
fiber layer 1s reduced as the fiber layer approaches a thick
center of the energy absorbing member, and the one end
portion 1n the crush direction may be formed 1n a shape in
which a position of the one end portion 1s shifted to the one
end side 1n the crush direction with approach to the thick
center of the energy absorbing member.

The composite material may be a carbon fiber reinforced
plastic.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a vehicle on which an
impact absorber in an implementation 1s mounted;

FIG. 2A 1s a cross-sectional view of the impact absorber
in the implementation, and FIG. 2B 1s an enlarged view of
a C portion of FIG. 2A;

FIG. 3 1s a load-displacement diagram of the impact
absorber in the implementation;

FIG. 4A 15 a cross-sectional view of an impact absorber 1n
a modification of the implementation, and FIG. 4B 1s an
enlarged view of a D portion of FIG. 4A; and

FIG. 5 15 a load-displacement diagram of a conventional
impact absorber.

FIG. 6 shows a schematic representation of diffrent direc-
tions of fiber orientation.

DETAILED DESCRIPTION

Heremnbelow, an implementation of the present invention
will be described with reference to the drawings.
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FIG. 1 1s a perspective view of a vehicle 100 on which an
impact absorber 1 in the present implementation 1s mounted,
FIG. 2A 15 a cross-sectional view of the impact absorber 1,
and FI1G. 2B 1s an enlarged view of a C portion of FIG. 2A.

As 1llustrated in FIG. 1, two impact absorbers 1 are
disposed side by side between a bumper beam 101 and a
body frame 102 of the vehicle (automobile) 100, and absorb
an 1mpact from the front of the vehicle.

Note that, 1n the following description, the description of
“front” and “rear” means directions as viewed from the
vehicle 100 on which the impact absorber 1 1s mounted
unless otherwise specified.

Specifically, as illustrated 1n FIG. 2A, the impact absorber
1 1includes a crush box 2, a pressing member 3 that presses
the crush box 2, and a supporting member 4 that supports the
crush box 2.

Among them, the crush box 2 i1s an energy absorbing
member according to the present invention, and 1s formed of
fiber reinforced plastics (FRP) as a composite material
obtained by remnforcing a resin with a fiber. The type of the
fiber includes carbon fiber, glass fiber, basalt fiber, and
aramid fiber, and 1t i1s preferable to use the carbon fiber
excellent 1n energy absorption amount and strength. The
crush box 2 absorbs impact energy by being pressed from
the front by the pressing member 3 having recerved an
impact load and crushed i1n a front-rear direction.

Specifically, the crush box 2 1s formed in a cylindrical
shape having a central axis Ax along the front-rear direction.
More specifically, as 1llustrated 1n FIG. 2B, the crush box 2
has a layer structure in which fiber layers 21, . . . each
formed 1n a cylindrical shape are stacked along a radial
direction of the crush box 2. The fiber layers 21, . . . have
different elastic moduli to a load (compressive load) along
the front-rear direction (heremnafter referred simply as an
“elastic modulus™). In the present implementation, the elas-
tic modulus of the fiber layer 1s reduced as the fiber layer
approaches the inner periphery of the crush box 2. The fiber
layers 21, . . . have different directions of orientation of a
fiber that 1s wound 1n a circumierential direction so that they
have different elastic moduli. That 1s, as schematically
illustrated 1 FIG. 6, among the fiber layers 21, . . . , in the
fiber layer 21 closer to the inner periphery (lower elastic
modulus), the fiber 1s inclined so as to be more orthogonal
to the front-rear direction and, in the fiber layer 21 closer to
an outer periphery (higher elastic modulus), the fiber stands
s0 as to be more parallel to the front-rear direction.

In addition, the front end portion of the crush box 2 on the
side of the pressing member 3 1s formed 1n a tapered shape
in which the position of the front end portion 1s shifted
toward the front with approach to the inner periphery.
Accordingly, as the crush box 2 is pressed by the pressing
member 3, the fiber layers 21, . . . are gradually brought into
contact with the pressing member 3 sequentially from the
fiber layer on the inner periphery side (i.e., the fiber layer
having the low elastic modulus) to the fiber layer on the
outer periphery side (1.e., the fiber layer having the high
clastic modulus), as will be described later.

As 1llustrated 1n FIG. 2A, the pressing member 3 1s used
to press and crush the crush box 2, 1s formed 1n a substan-
tially tlat shape orthogonal to the front-rear direction, and 1s
disposed so as to be 1n contact with the front end surface of
the crush box 2 (the innermost fiber layer 21) over the entire
circumfierence thereof. That 1s, the flat rear surtface of the
pressing member 3 orthogonal to the front-rear direction
serves as a pressing surface that presses the crush box 2. In
addition, the pressing member 3 also serves as the attach-
ment portion of the impact absorber 1 to the vehicle 100, and
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1s attached to the bumper beam 101 such that its front
surface 1s 1 contact with the rear surface of the bumper
beam 101 of the vehicle 100 (see FIG. 1). Accordingly, as

will be described later, the pressing member 3 receives an
impact load applied from the front via the bumper beam 101,
and presses the crush box 2 from the front along the
front-rear direction to thereby crush the crush box 2. Note
that an example of a method for fixing the crush box 2 to the
bumper beam 101 includes a method 1n which a contact
pressure 1s caused between the crush box 2 and the pressing
member 3 by binding the pressing member 3 and the
supporting member 4 together using a bolt and the crush box
2 1s thereby fixed to the bumper beam 101.

The supporting member 4 1s used to support the crush box
2, 1s formed 1n a substantially flat shape orthogonal to the
front-rear direction, and 1s disposed so as to be in contact
with the rear end surface of the crush box 2 over the entire
circumierence thereof. In addition, the supporting member 4

also serves as the attachment portion of the impact absorber
1 to the vehicle 100, and 1s attached to the body frame 102
such that 1ts rear surface 1s in contact with the front surface
of the body frame 102 of the vehicle 100 (see FIG. 1).

In the mmpact absorber 1 having the above-described
configuration, for example, when the vehicle 100 on which
the impact absorber 1 1s mounted collides with an object in
front, the impact load from the front 1s applied to the
pressing member 3 via the bumper beam 101. Subsequently,
the pressing member 3 having received the impact load
presses the crush box 2 from the front along the front-rear
direction.

The pressing member 3 presses the front end portion of
the crush box 2 from the front first. At this point, the front
end portion of the crush box 2 1s formed in the tapered shape
in which the position of the front end portion 1s shifted
toward the front with approach to the inner periphery, 1.¢.,
the front end portion thereol 1s inclined relative to the
pressing surface of the pressing member 3 formed 1n the flat
shape orthogonal to the front-rear direction. Accordingly, as
the front end portion of the crush box 2 1s pressed by the
pressing member 3, the front end portion thereotf 1s brought
into contact with the pressing member 3 gradually widely
from the inner periphery side to the outer periphery side.
That 1s, 1n the front end portion of the crush box 2, the fiber
layers 21, . . . are gradually brought into contact with the
pressing member 3 sequentially 1 ascending order of the
clastic modulus and pressed, and hence the net elastic
modulus of the crush box 2 in a pressed portion (contact
portion) 1s gradually increased as the crush box 2 1s pressed
by the pressing member 3. As a result, the load proportional
to the elastic modulus 1s also gradually increased with an
increase in the displacement (deformation amount) of the
crush box 2 in the front-rear direction, and the load-dis-
placement characteristic at this point has a smooth 1nitial
rise, as 1llustrated in FIG. 3.

Thereatter, the completely cylindrical portion of the crush
box 2 1s gradually pressed and crushed by the pressing
member 3 after the front end portion thereof 1s completely
pressed, and the displacement progresses at nearly a constant
load during the crush of the completely cylindrical portion
thereof. In this process, the fiber 1s ruptured from a portion
directly pressed by the pressing member 3, and the crush box
2 1s gradually crushed while rupture pieces are divided into
those 1nside the crush box 2 and those outside the crush box
2 that are rolled rearward. As a result, the impact energy 1s
absorbed with the crush of the crush box 2, and the impact
load 1s cushioned.
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As described thus far, according to the impact absorber 1
of the present implementation, the crush box 2 that is
crushed 1n the front-rear direction 1s configured by stacking
the fiber layers 21, . . . having different elastic moduli along
the radial direction orthogonal to the front-rear direction,
and the front end portion that 1s pressed first by the pressing
member 3 1s inclined relative to the pressing surface of the
pressing member 3 such that the fiber layers 21, . . . are
gradually brought into contact with the pressing member 3
sequentially i ascending order of the elastic modulus as the
crush box 2 is pressed by the pressing member 3. With this,
the net elastic modulus of the crush box 2 1n the pressed
portion (contact portion) during initial pressing 1s gradually
increased as the crush box 2 1s pressed by the pressing
member 3. Consequently, the load proportional to the elastic
modulus 1s also gradually increased with the increase in the
displacement of the crush box 2 in the front-rear direction
and, by extension, 1t 1s possible to obtain the load-displace-
ment characteristic having the smooth 1nitial rise.

[ Modification]

Next, a modification of the above-described implementa-
tion will be described. Note that the same components as
those of the above-described implementation are designated
by the same reference numerals and the description thereof
will be omuitted.

FIG. 4A 15 a cross-sectional view of an impact absorber
1A 1n the present modification, and FIG. 4B 1s an enlarged
view ol a D portion of FIG. 4A.

As illustrated 1n FIG. 4 A, 1instead of the crush box 2 1n the
above-described implementation, the 1mpact absorber 1A
includes a crush box 2A having the shape of the front end
portion and the layer structure of the fiber layer that are
different from those of the crush box 2.

The crush box 2A 1s formed in a cylindrical shape having
the central axis Ax along the front-rear direction. More
specifically, as 1llustrated in FI1G. 4B, the crush box 2A has
a layer structure in which fiber layers 21A, . . . each formed
in a cylindrical shape are stacked along the radial direction
of the crush box 2A. The fiber layers 21A, . . . have different
clastic moduli. In the present modification, the elastic modu-
lus of the fiber layer 1s reduced as the fiber layer approaches
the thick center of the crush box 2, and the elastic modulus
of the fiber layer 1s increased as the fiber layer approaches
the inner periphery or the outer periphery. In addition, 1n the
crush box 2A, the front end portion on the side of the
pressing member 3 1s formed in a shape having a bowl-like
cross section 1 which the position of the front end portion
thereon 1s shifted toward the front with approach to the thick
center of the crush box 2A.

With the configuration described above, similarly to the
crush box 2 1n the above-described implementation, as the
crush box 2A 1s pressed by the pressing member 3, the fiber
layers 21A, . . . are gradually brought into contact with the
pressing member 3 sequentially 1n ascending order of the
clastic modulus. Note that the configuration of the crush box
2A 1s otherwise the same as that of the crush box 2 1n the
above-described implementation.

According to the impact absorber 1A of the present
modification as well, 1t 1s possible to obtain the same eflects
hose of the impact absorber 1 of the above-described

as t
implementation.
|Other Modifications]

Note that the implementation to which the present inven-
tion can be applied 1s not limited to the implementation and
the modification described above, and the implementation
can be appropriately changed without departing from the
g1st of the present mvention.
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For example, the crush box 2 (2A) may be appropriately
configured such that the fiber layers 21, . .. (21A, ... ) are
gradually brought into contact with the pressing member 3
sequentially 1n ascending order of the elastic modulus as the
crush box 2 (2A) 1s pressed by the pressing member 3. That
1s, 1n the front end portion of the crush box 2, the fiber layer
21 having a lower elastic modulus may be appropnately
positioned at the front of the fiber layer 21 having a higher
clastic modulus. Consequently, the fiber layers 21 may be
configured such that the elastic modulus of the fiber layer 21
1s reduced as the fiber layer 21 approaches the outer periph-
ery, and the front end portion of the crush box 2 may be
formed 1n a tapered shape in which the position of the front
end portion 1s shifted toward the front with approach to the
outer periphery. However, in the case where the above
configuration 1s adopted, the load 1n a stable load region 1s
reduced and the energy absorption amount 1s reduced cor-
respondingly. Consequently, it 1s preferable that the elastic
modulus of the outermost fiber layer 21 of the crush box 2
be not the lowest elastic modulus.

In addition, the front end portion of the crush box 2 (2A)
may be appropriately inclined relative to the pressing
surface of the pressing member 3 such that the fiber layers
21, ... (21A, . . . ) are gradually brought into contact with
the pressing member 3 sequentially 1n ascending order of the
elastic modulus as the crush box 2 (2A) 1s pressed by the
pressing member 3, and the front end portion thereot 1s not
necessarily inclined relative to the front-rear direction. That
1s, the front end portion (front end surface) of the crush box
2 (2A) may be formed 1nto a flat surface orthogonal to the
front-rear direction, and the pressing surface of the pressing
member 3 may be inclined.

Further, the shape of the crush box 2 (2A) 1s not limited
to the cylindrical shape, and may be, e.g., a cylindrical
column shape, a conical shape, a prism shape, or a pyramid
shape.

Furthermore, the impact absorber according to the present
invention 1s not limited to the impact absorber mounted on
the vehicle (automobile), and can be suitably used as, e.g.,
the 1mpact absorber that 1s mounted on a helicopter and
absorbs the impact during landing.

The mnvention claimed 1s:

1. An 1mpact absorber comprising:

an energy absorbing member formed of a composite

material obtained by remnforcing a resin with a fiber,
and for absorbing impact energy by being crushed 1n a
predetermined crush direction; and

a pressing member formed 1n a flat shape orthogonal to

the crush direction, and disposed on one end side 1n the
crush direction of the energy absorbing member, and
for pressing the energy absorbing member 1n the crush
direction to thereby crush the energy absorbing mem-
ber, wherein

the energy absorbing member 1s configured by stacking,

along a direction orthogonal to the crush direction, fiber
layers having different elastic moduli to a load along
the crush direction such that one end portion of the
energy absorbing member, which comprises respective
exposed ends of the fiber layers, 1s exposed along the
crush direction; and

wherein fiber layers 1n the stack that are positioned closer

to an mner periphery of the energy absorbing member
feature fibers that are inclined as to be more orthogonal
to the crush direction, and fiber layers in the stack that
are positioned closer to an outer periphery are inclined
as to be more parallel to the crush direction such that
there 1s provided an ascending order of elastic modulus
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in a radially outward direction from fiber layers in the
stack that are positioned closer to the inner periphery to
fiber layers 1n the stack that are positioned closer to the
outer periphery.

2. The impact absorber according to claim 1, wherein

the energy absorbing member 1s formed 1n a cylindrical
shape having a central axis along the crush direction;

the fiber layers are each formed in a cylindrical shape,
stacked along a radial direction of the energy absorbing
member, and configured such that the elastic modulus
of the fiber layer i1s reduced as the fiber layer
approaches the iner periphery; and

the one end portion 1s formed 1n a tapered shape 1n which
a position of the respective exposed fiber ends of the
one end portion are shifted toward the one end side 1n
the crush direction with approach to the iner periph-

cry.
3. The impact absorber according to claim 2, wherein the
composite material 1s a carbon fiber reinforced plastic.
4. The impact absorber according to claim 1, wherein
the energy absorbing member 1s formed 1n a cylindrical
shape having a central axis along the crush direction;

the fiber layers are each formed in a cylindrical shape,
stacked along a radial direction of the energy absorbing
member, and configured such that the elastic modulus
of the fiber layer 1s reduced as the fiber layer
approaches a thick center of the energy absorbing
member; and

the one end portion 1s formed 1 a shape 1n which a

position of the respective exposed fiber ends of the one
end portion are shifted toward the one end side 1n the
crush direction with approach to the thick center of the
energy absorbing member.

5. The impact absorber according to claim 4, wherein the
composite material 1s a carbon fiber reinforced plastic.

6. The impact absorber according to claim 1, wherein the
composite material 1s a carbon fiber reinforced plastic.

7. The 1mpact absorber of claim 1 wherein the most
internally positioned fiber layer of the energy absorbing
member 1s 1n mitial contact with the pressing member at the
one end side, and the exposed ends of the fiber layers define
an 1ncline 1 the one end portion of the energy absorbing
member that slopes radially out and down.

8. The impact absorber of claim 1 wherein a fiber layer in
an intermediate region of the energy absorbing member 1s 1n
initial contact with the pressing member at the one end side,
and the exposed ends of the fiber layers define a pair of
inclined exposed surfaces on the one end portion.

9. The impact absorber of claim 1 wherein the ascending
order of the elastic modulus comprises different orientations
in fibers in the respective layers, wherein a more internally
positioned one of the fiber layers has a fiber orientation at
90° relative to a central axis extending in the crush direction,
and a more radially outward fiber layer has a fiber orienta-
tion at 0° relative to said central axis.

10. The impact absorber of claim 1 wherein, 1n a direction
radial out 1n the stack of fiber layers from the more inside to
the more outside, there 1s a continuous, uninterrupted
ascending increase in the elastic modulus.

11. The impact absorber of claim 1 wherein the one end
portion 1s inclined relative to the pressing surface of the
pressing member such that the fiber layers are gradually
brought 1nto contact with the pressing member sequentially
in ascending order of the elastic modulus as the energy
absorbing member 1s pressed by the pressing member 1n the
crush direction.
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12. The impact absorber of claim 11 wherein the sequen-
tial ascending order 1s continuous and without interruption
relative to the stacked layers.

13. The impact absorber of claim 1 wherein the stacked
fiber layers have substantially the same thickness.

14. The impact absorber of claim 1, wherein the pressing
member crushes the energy absorbing member against a
supporting member positioned on a second end side 1n the
crush direction of the energy absorbing member, and the
respective elastic module value for the different fiber layers
1s consistent over the full length of the impact absorber in the
crush direction between the pressing member and the sup-
porting member.

15. An 1mpact absorber comprising:

an energy absorbing member formed of a composite

material that 1s comprised of reinforcing resin with
fiber, and for absorbing impact energy by being crushed
in a predetermined crush direction; and

a pressing member disposed on one end side 1n the crush

direction of the energy absorbing member, and for
pressing the energy absorbing member 1n the crush
direction to thereby crush the energy absorbing mem-
ber, wherein

the energy absorbing member 1s comprised of a laminate

stack of composite fiber layers with the fiber layers
having respective, exposed ends at the one end side that
extend along the crush direction, and

the fiber layers, along a direction orthogonal to the crush

direction, have different elastic modul1 to a load along
the crush direction, and

the exposed ends of the fiber layers are arranged 1in

stepped fashion, such that an exposed end of a more
radially outward positioned fiber layer 1s farther from
the pressing member than an exposed end of a more
radially internally positioned one of the fiber layers,
and the elastic moduli of the laminate stack of fiber
layers 1ncrease 1n stepped sequence 1n going from the
more radially internally positioned fiber layer to the
more radially outward positioned fiber layer such that
fiber layers 1n the laminate stack are gradually brought
into contact with the pressing member sequentially 1n
ascending order of the elastic modulus as the energy
absorbing member 1s crushed by the pressing member,
and wherein the stepped sequence of increasing elastic
moduli comprises different orientations 1n fibers of the
respective layers, wherein the more internally posi-
tioned one of the fiber layers has a fiber orientation at
or closer to 90° relative to said central axis and the
more radially outward fiber layer has a fiber orientation
at or closer to 0° relative to said central axis.

16. The impact absorber of claim 15 wherein the most
internally positioned fiber layer of the energy absorbing
member 1s 1n 1nitial contact with the pressing member.

17. The impact absorber of claim 15 wherein the said
more radially internally positioned fiber layer 1s positioned,
relative to the direction orthogonal to the crush direction, in
an intermediate region of the energy absorbing member.

18. The impact absorber of claim 135, wherein the pressing
member crushes the energy absorbing member against a
supporting member positioned on a second end side in the
crush direction of the energy absorbing member, and the
respective elastic module value for the different fiber layers
1s consistent over the full length of the impact absorber in the
crush direction between the pressing member and the sup-
porting member.




US 9,598,035 B2

9

19. An 1mpact absorber comprising:

an energy absorbing member formed of a composite
material obtained by remnforcing a resin with a fiber,
and for absorbing impact energy by being crushed 1n a
predetermined crush direction; and

a pressing member disposed on one end side in the crush
direction of the energy absorbing member, and for
pressing the energy absorbing member 1 the crush
direction to thereby crush the energy absorbing mem-
ber against a supporting member positioned on a sec-
ond end side in the crush direction of the energy
absorbing member, wherein

the energy absorbing member 1s configured by stacking,
along a direction orthogonal to the crush direction, fiber
layers having different elastic moduli to a load along
the crush direction over the full length in the crush
direction such that one end portion of the energy
absorbing member, which comprises respective
exposed ends of the fiber layers, 1s exposed along the
crush direction; and

the one end portion 1s inclined relative to a pressing
surface of the pressing member such that the fiber
layers are gradually brought into contact with the

10
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pressing member sequentially 1n ascending order of the
clastic modulus as the energy absorbing member 1is
pressed by the pressing member 1n the crush direction,
with the respective elastic module modulus value for
the different fiber layers being consistent over the tull
length of the impact absorber 1n the crush direction
between the pressing member and the supporting mem-
ber, and wherein the fiber layers have a stepped
sequence ol 1ncreasing elastic moduli based on differ-
ent orientations in fibers of the respective layers,
wherein the more internally positioned one of the fiber
layers has a fiber orientation at or closer to 90° relative

to said central axis and the more radially outward fiber
layer has a fiber orientation at or closer to 0° relative to
said central axis.

20. The impact absorber of claim 19 wherein there 1s a
continuous, uninterrupted ascending increase in the elastic
modulus that 1s based on a continuous increase toward a
direction of parallel orientation 1n the fibers 1n going from a
position more radially inside toward a position that 1s more
radially outside relative to the stacked fiber layers.
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